A Long-term Review of Posterior Fusion of the Lumbar Spine by M A Nelson' FRCS (Guy's Hospital, London) Fusion of the lower lumbar spine is still one of the unsolved problems in orthopedic surgery. Albee (1911) and Hibbs (1911) first described the technique of fusion of the posterior elements and this, with modifications, remained the most frequently used method for many years. The X-ray results reported by various authors (Thompson & Ralston 1949 , Newman 1955 , Shaw & Taylor 1956 , Eriksen 1960 show that the incidence of pseudarthrosis varies between 20 % and 40 % in a single level fusion and up to 50 % in a double level one. These contrast poorly with earlier claims based only on clinical assessment where failure rates of only 5 3 % were reported (Hibbs & Swift 1929) .
Many methods have been developed to reduce the incidence of pseudarthrosisanterior interbody fusion (Mercer 1936 , Harmon 1960 , D Freebody 1964 communication); posterior interbody fusion (Cloward 1953 , James & Nesbit 1953 , Adkins 1955 ; intertransverse fusion (Watkins 1953 , Adkins 1955 . Techniques have also been described using a modified Albee-Hibbs procedure with internal fixation (King 1944 , Boucher 1959 . Clinical material: Fifty-eight patients who had undergone posterior spinal fusion at Guy's Hospital more than ten years ago have been investigated. Eleven patients had died, 21 could not be traced, and 26 were examined and X-rayed. Of these 26 patients 19 had chronic disc degeneration and 7 spondylolisthesis. The average follow up was 14 years (10-18 years). There were 10 men and 16 women. The average age at the time of operation was 40 7 years (range 25-52). Previous treatment: Five patients had had no treatment, 9 conservative treatment including bedrest and supports, 8 manipulations under anesthesia and 4 a laminectomy. Operative technique: After decortication of spines and laminae and clearance of the posterior articulations, this had included: (1) Cancellous chips -9 patients.
(2) Cancellous latch-graft (Bosworth 1942) and chips -12 patients. (3) Cancellous block screwed into opposite lamina -3 patients.
(4) Cortical block and cancellous chips -2 patients.
The post-operative treatment had consisted of: (1) Plaster bed (8-16 weeks) followed by plaster corset for 3 months -14 patients. (2) Lying plaster (at third week) followed by plaster corset for total of 4 months -8 patients.
(3) Bedrest (6 weeks) followed by plaster corset for 4 months -4 patients.
Complications: Wound infection occurred in 2 cases, one of which was severe and required sequestrectomy. Fracture of the graft occurred twice, once following an accident 5 years after operation and once spontaneously 12 years after operation; in the latter case refusion was carried out.
Results
These were assessed clinically, radiologically and according to the patient's own opinion. Clinical results: These were assessed according to the patient's ability to return to his previous occupation without pain. Sixteen patients were considered satisfactory. Eight patients had to change to lighter work and 2 were unable to work. Radiological results: Fusion was considered to be present when (1) there was no movement in anteroposterior and lateral views taken in flexion, extension and lateral flexion, and (2) there was a continuous bony bridge extending between the spines and lamine.
On these criteria 19 (74%) had radiological fusion. Of the 7 operated on for spondylolisthesis there was fusion in 3 (43%) and of the 19 with disc degeneration 16 (82%) had fused. Of the 7 patients where fusion had failed 3 were successfully re-fused with relief of symptoms, 2 underwent a second fusion operation which failed and 2 were treated conservatively and continued to be severely handicapped. Patients' assessment: Twenty-one (81 %) considered that they had benefited from the operation. Three patients (11 %) considered they were unchanged. Two patients (8 %) considered they were worse. 
Discussion
The fusion rate (74%) compares well with other series. The result in disc degeneration (82 %) compared with that in spondylolisthesis (43%) may be due to the greater stability in the former condition and that only single level fusion was necessary. Many workers have stressed the importance of post-operative immobilization. Shaw & Taylor (1956) showed that the incidence of pseudarthrosis increased when patients were mobilized before 12 weeks. In this series, of the 14 patients immobilized for 8 weeks, only 2 failed to fuse (14%) whereas of the 12 patients allowed to get up at the third to sixth week 5 failed to fuse (41 %). A fusion rate of 75% cannot be considered satisfactory in the ever-ageing population which the orthopedic surgeon is called to treat and the otherwise fit elderly patients are often unwilling to accept the restrictions imposed by the untreated condition.
To reduce the incidence of failure of bony fusion of the spine two criteria must be satisfied:
(1) An adequate amount of bone must be placed between the raw bony surfaces. (2) Movement at the fusion site must be minimal. Of these the latter may theoretically be obtained by (a) pathological stability of the joint to be fused, (b) internal fixation, e.g. screw, (c) external support, e.g. Stryker frame or plaster cast.
External immobilization is no more than the restriction of the extremes of movement. Internal fixation by a bone graft has the disadvantage that the fixation is lost as the graft is being incorporated. Internal fixation by screws through or close to the posterior articulation (King 1944 , Boucher 1959 has given a high rate of success (Boucher 1959) . This method, however, cannot be used in spondylolisthesis nor following a wide laminectomy. To overcome these disadvantages a small plate (Fig 1) has been designed which can be applied to the ventral surface of the transverse process of L5 and fixed to the sacrum by a screw. At the same time cancellous chips can be placed on the dorsal surface of the transverse process and sacrum, with or without excision of the posterior articulation. The X-rays (Figs 2 and 3) show the plate and screws in position for a unilateral fusion carried out for disc degeneration.
